Capsicum annum cultivars Yellow cayenne, Portafortuna, Idealino, Sole, Duemila, Pellegrino, Fantasia, Loco, and Effix were investigated for their antioxidant properties and foodborne pathogens inhibitory activity. The total phenols, flavonoids, anthocyanins, capsaicinoids, carotenoids, ascorbic acid, and vitamin E content were also determined. Duemila and Portafortuna cultivars showed the highest total phenol content with values of 924.3 and 935.0 mg of chlorogenic acid equivalents/100 g dried weight, respectively. Idealino pepper presented the highest capsaicin content (2932.1 μg/g dried weight). The antioxidant capacity was evaluated by using 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid test, 2,2-diphenyl-1-picrylhydrazyl test, and ferric reducing ability power assay. Both Pellegrino and Idealino samples exhibited a promising radical scavenging ability against 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid radical with IC 50 values of 45.2 and 45.7 μg/mL, respectively. All the extracts were able to inhibit the growth of Staphylococcus aureus and Listeria monocytogenes investigated strains. The most active are Effix and Fantasia peppers with minimal inhibitory concentration between 12.5 and 25.0 mg/mL, respectively. Overall, these results support the use of these pepper species as dried extract in food preservation.
Introduction
The genus Capsicum (Solanaceae) comprises more than 20 species. The most common ones are C. annuum, C. baccatum, C. chinensis, C. frutescens, and C. pubescens. Capsicum species are used as spice since ancient time. It contains a wide array of phytochemicals (mainly carotenoids, phenols, and capsaicinoids) that are subject to variation as a result of the genotype, fruit maturity, agronomic practices, and processing methods. Capsanthin, capsorubin, capsanthin 5,6-epoxide, antheraxanthin, β-cryptoxanthin, β-carotene, cucurbitaxanthin, violaxanthin, and zeaxanthin are all found in the Capsicum genus. Phenols are other important constituents of peppers that exhibit several health benefits. Quercetin, luteolin, and kaempferol were the main abundant aglycones identified in pepper. The main capsaicinoids are capsaicin and dihydrocapsaicin. Other capsaicinoids found in this spice are nordihydrocapsaicin, homodihydrocapsaicin, and homocapsaicin. Several research articles evidenced the nutritional value and the antioxidant and antimicrobial activities of Capsicum species.
Several methods are used for dried peppers; however, the traditional one, and the widely used by consumers, is to hang the fruits on a thread and allow them to dry under sunlight in the open air.
The immediate reason for spice use is to enhance food palatability. More than 4500 recipes from 36 different countries in their traditional cookbooks contain the use of spice and particularly Capsicum spp. not only for its organoleptic character but also for its antibacterial properties, since member of this genus are able to kill or inhibit up to 70% of bacteria. [4] The problem of foodborne diseases, which implicate morbidity and mortality, is distributed worldwide. The contamination of a food matrix can cause a global burden of foodborne diseases in numerous countries as a consequence of food marketing globalization. Staphylococcus aureus and Listeria monocytogenes represent two of the most common foodborne pathogens. Enterotoxinproducing S. aureus strains can contaminate food by direct contact by food handlers, meat grinders, knives, storage containers, and cutting blocks. Food matrices that are more contaminated by this commensal and opportunistic pathogen are milk and dairy products, meat, poultry and eggs, salads, pastries and cakes, etc. In order to prevent the contamination, the ideal processing temperature should be below 5°C and above 60°C, respectively. [8] Listeria monocytogenes contamination is one of the leading microbiological causes of food recalls, mainly of seafood, meat, poultry, and dairy products. This organism is resistant to the most common processing techniques and food storage for this reason it is a significant threat to public health. [9] During the last decades, the food industry has been increasingly incorporating food-preservative compounds since they significantly improve the color, aroma, taste and shelf life of food matrix. Comparing with synthetic food preservatives, natural preservatives, such as spices, are gaining more and more acceptance from consumers. [10] These spices, besides the role of preserving agents, offer other additional nutritional benefits arising from their antioxidant power. Antioxidants are used as food additives to prevent and delay the negative effects of oxygen in food matrix. [11] Moreover, several research and clinical studies evidenced that antioxidant compounds from diet show benefits in cardiovascular disease, metabolic syndrome, cancer, and neurodegenerative disease prevention. [12] The purpose of the study was threefold: (1) to examine the micronutrient content of sun-dried C. annum fruits; (2) to evaluate the antioxidant properties in terms of food preservatives and healthy food matrix; (3) to determine the antimicrobial activity against some of the most important foodborne pathogens such as Staphylococcus aureus, Listeria monocytogenes. Therefore, we focused our interest on the determination of the total anthocyanins, ascorbic acid, carotenoids, flavonoids, phenols, and vitamin E content; capsaicin and dihydrocapsaicin were also quantified. Pepper extracts were subjected to evaluation of antioxidant activity by using different in vitro assays namely 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid (ABTS •+ ) radical, 2,2-diphenyl-1-picrylhydrazyl (DPPH • ), ferric reducing ability power (FRAP) and β-carotene bleaching test. The investigation of antimicrobial activity was performed by microdilution method.
Materials and methods

Chemicals and reagents
All chemicals and reagent were purchased from Sigma-Aldrich S.p.a. (Milan, Italy). Brain Heart Infusion Broth (BHI) was obtained from Oxoid-Thermofisher (Rodano, Italy). Analytical grade solvents were bought from VWR International s.r.l. (Milan, Italy).
Sample preparation
The nine Capsicum annum cultivars investigated in this research project were harvested from a Miceli farm (Scalea, Cosenza, Italy) and picked in in October 2013 at maturity stage from a random sample of 25 plants in order to obtain a set of representative samples. Peppers of each cultivar (500 g) were distributed as a thin layer in a stainless steel trays and dried under direct sunlight at temperatures in the range 25-38°C for 2 weeks. Dried peppers were extracted at room temperature by ethanol three times (500 mL × 48 h). Table 1 reported the pepper cultivar, the color, length and width, and yield of extraction (%).
Total phenols, flavonoids, anthocyanins, and carotenoids content
Total phenols content of dried C. annum samples was determined using the Folin-Ciocalteau method. [13] Results were expressed as chlorogenic acid equivalents in mg/100 g dried weight (DW). The flavonoids content was determined following the procedure previously reported. [13] The content was expressed as quercetin equivalents in mg/100 g DW. The total carotenoids content was evaluated following the procedure previously described. [13] The total carotenoids content was expressed as β-carotene equivalents in mg/100 g DW. Total monomeric anthocyanins content was determined using the pH-differential method. [14] Results are expressed as mg of cyanidin 3-glucoside equivalents/100 g DW.
Determination of vitamin E content
The vitamin E content was investigated by gas chromatography-mass spectrometry (GC-MS) analyses. GC-MS analyses were carried out following the methodology applied by Loizzo et al. [14] Results are expressed as mg/100 g DW.
Determination of capsaicin and dihydrocapsaicin content
The content of the two main capsaicinoids present in Capsicum species was evaluated by using the methodology previously reported. [15] Results are expressed as μg/g DW.
Determination of ascorbic acid content
The content of ascorbic acid in dried pepper samples was determined according to the method of Klein and Perry [16] and expressed as mg/100 g DW.
Evaluation of antioxidant activities
The antioxidant activities of C. annum dried samples were assessed by using several in vitro assays namely ABTS, DPPH, FRAP and β-carotene bleaching tests). [17] ABTS and DPPH tests were used for the evaluation of the free radical scavenging ability of samples. ABTS + radical was obtained by the reaction of ABTS solution (7 mM) with potassium persulphate (2.45 mM). The mixture was stored in the dark at room temperature for 12 h before use. Ethanol was added to radical solution up to an absorbance of 0.70 at 734 nm. In DPPH test, a mixture of 0.25 mM DPPH and sample was prepared and left at 25°C for 30 min. Absorbance was read at 517 nm. The ABTS and DPPH radicals scavenging ability was expressed as inhibitory concentration 50% (IC 50 ) value.
In the FRAP test ethanol solutions of FeSO 4 (50-500 mM), were used for obtaining the calibration curve. The absorbance of the reaction mixture was measured at 595 nm and FRAP value was 
Evaluation of antimicrobial activity
The antimicrobial activity of the dried peppers extract was evaluated on Staphylococcus aureus SA3, SA4 and SA6, on Listeria monocytogenes LM4 and LM7 and on type strain ATCC 7644. All the isolates were previously isolated from meat products and belonged to the collection of the Faculty of Bioscience, University of Teramo. Strains were cultivated twice in BHI broth overnight at 30°C, then they were washed three times in phosphate buffer saline (PBS) 50 mM, pH 7.2, afterward, the inocula were standardized at about 1 × 10 6 cells/mL, as described by Mazzarrino et al. [18] Pepper extracts were suspended in dymethylsolfoxide (DMSO) to obtain stock concentrations of 100 mg/mL. The antibacterial activity was evaluated by microdilution method, according to Clinical Laboratory Standards Institute (CLSI) guidelines. [19] Each determination was repeated three times. The minimal inhibitory concentration (MIC) was calculated as the lowest pepper extract concentration able to inhibit microbial growth in BHI broth after 48 h at 30°C.
Statistical analysis
Data were statistically analyzed by one-way analysis of variance (ANOVA) test and Dunnet's test (p < 0.05). IC 50 values were calculated by plotting the percentage of inhibition versus concentrations by using Prism GraphPad (GraphPad Software, San Diego, CA, USA). Studies of the Pearson's correlation coefficient (r) and linear regression, assessment of repeatability, calculation of average and relative standard deviation were performed using Microsoft Excel 2010 software. Table 1 reported the C. annum cultivars color, length, width, and extraction yield. All investigated peppers are red except Yellow cayenne that is yellow. Portafortuna is the longer (21.8-24.2 cm), followed by Yellow cayenne (9.2-10.3 cm), and Idealino (8.2-9.8 cm). The other peppers are 2-5 cm long. The width ranged from 0.7 to 1.9 cm.
Results and discussion
Phytochemical results
The yield of extraction of C. annum samples ranged from 15.0 to 27.9 for Sole and Effix, respectively (Table 1) . Table 2 reported the ascorbic acid, anthocyanins, capsaicinoids, carotenoids, flavonoids, phenols, and vitamin E content of dried pepper extracts. Duemila and Portafortuna extracts exhibited the highest total phenols content with values of 924.3 and 935.0 mg of chlorogenic acid equivalent/100 g DW, respectively. The lowest values were recorded for the Loco, Sole, and Yellow cayenne cultivars (193.8, 141.2, and 116.9 mg of chlorogenic acid equivalents/100 g DW, respectively).
Effix, Pellegrino, and Portafortuna cultivars showed the highest flavonoids content (values of 213.4, 206.3, and 202.1 mg quercetin equivalents/100 g DW, respectively). Except for Fantasia peppers (71.2 mg quercetin equivalents/100 g DW), Loco, Sole, and Yellow cayenne cultivars, characterized by the lowest phenols content, showed also the lowest flavonoids content (85.5, 69.0, and 53.3 mg quercetin equivalents/100 g DW, respectively).
Pigmentation of Capsicum species is mainly related to their content in anthocyanins and carotenoids. Purple is the most frequent color observed in peppers, although it is possible to find pepper magenta and black. Table 2 displays a total carotenoids content with values ranged from 14.5 to 25.2 mg/100 g DW for Yellow cayenne and Duemila cultivar, respectively. Anthocyanins content is ranged from 26.3 to 37.5 mg/100 g DW for Pellegrino and Sole, respectively. The only yellow pepper, Yellow cayenne, showed the lowest carotenoids content (14.5 mg β-carotene equivalents/100 g DW). The same statement cannot be made to the content of anthocyanins.
Vitamin E refers to a group of fat-soluble compounds namely tocopherols and tocotrienols. As a fat-soluble antioxidant, this vitamin stops the production of reactive oxygen species formed when fat undergoes oxidation. GC-MS analysis showed a vitamin E content from 18.8 to 25.3 mg/100 g DW, for Loco and Duemila pepper, respectively.
C. annuum is the major source of capsaicinoids, a member of alkaloids group responsible of the pungency sensation. The main abundant capsaicinoids are capsaicin and dihydrocapsaicin that are responsible of the 90% of pungency. [20] As reported in Table 2 capsaicin ranged from 344.3 to 2932.1 μg/g DW for Sole and Idealino pepper, respectively. A significant amount of capsaicin was detected also in Yellow cayenne cultivar (1147.7 μg/g DW). Regard dihydrocapsaicin the cultivar that exhibited the highest value are Pellegrino and Idealino with 1291.2 and 1053.5 μg/g DW ( Table 2) . A low content of dihydrocapsaicin was found in Portafortuna pepper.
Peppers had ascorbic acid content four times higher than oranges that are considered the most important source for this healthy compound. Several scientific evidences indicate that the intake of ascorbic acid is associated with a reduced risk of chronic diseases, probably due to its ability to scavenge free radicals. [21] Our results demonstrated that all investigated cultivars exhibited a similar ascorbic acid content with the highest value in Pellegrino cultivar (5.4 mg/100 g DW). The great variability (similar, lower, or higher) in bioactive content of C. annum samples in relation to data reported in literature could be explained by variation of cultivar, maturity stage, use of fresh of processed pepper, way of extraction, sample preparation (whole fruits or fruits without seed), etc.
In our previous works we have investigated the total phenols, flavonoids, and capsaicinoids content of the same C. annuum cultivars fresh and after boiling and blanching. [22] Comparison of data highlights that all phytochemicals increased their concentration in dried pepper samples as consequence of weight loss. The high amount of phenols and flavonoids in dried samples could be not explained by enzyme inactivation since polyphenol oxidase is still active at 55-60°C that it is a range of temperature much higher than that obtained with sun-drying process. [23] According to Kozukue et al. [24] and in comparison with previously published data sun-drying process cause an increase in the capsaicinoids concentration. Several works investigated the effect of drying process at different temperatures rather than the traditional sun-dried process. Ozgur et al. [25] investigated the phytochemical content of green and red pepper (C. annum cv Yalova Yaglik 28) fresh and dried. A total phenol content of 89.82 mg/gallic acid equivalent (GAE) g DW was found for dried red pepper. The same pepper showed an ascorbic acid content of 108.65 mg/100 g DW.
The effect of dried temperatures (50-90°C) on the C. annuum var. Hungarian total phenols and ascorbic acid content was investigated. [26] Results clearly evidenced a reduction of both phytochemicals in relation to the increase of temperature with a maximum loss at 90°C. Our data are lower than those previously reported by Hervert-Hernández et al. [27] for C. annum cv Arbol, Chipote, Guajillo, and Morita that exhibited a total phenols and carotenoid content in the range from 2325.4 to 2843.5 mg/100 g DW for Guajillo and Arbol, and from 87.6 to 373.3 mg/100 g DW for Guajillo and Morita, respectively. More recently, Lutz et al. [28] reported the total phenol and antocyanin content of dried fruit of C. annuum, green, and red cv. Almuden. In agreement with our results dehydrated samples are richest in both phytochemicals (6.9 versus 58.3 mg GAE/g and 7.1 versus 62.6 mg cyaniding-3-glucoside/100 g for total phenols and antocyanin in green and red pepper, respectively). The effects of the drying process on total phenol and flavonoid content were studied in Moroccan red pepper cultivar (C. annuum). [29] Results evidenced that drying in a hot-air oven induced a significant loss of both total phenol and flavonoid content with particular reference to epicatechin, cyanidin-3-Ogalactoside, phloridzin, and quercetin glycosides concentrations. The effect of drying temperature (60 and 70°C) and time (0-35 h) on total phenolic content of air-dried red chili spur pepper (C. annuum cv Jinda) was studied. [30] A decrease in total phenolic content was observed during the early stage of drying. In particular, at day 14 of storage, those dried at 60 and 70°C exhibited a reduction in total phenols of 14.5 and 18.6%, respectively, as compared to day 0 of storage. In spite of that, prolonged heating brought about an increase in phytochemical content.
Antioxidant properties
The oxidative deterioration in food matrix is one of the major detrimental process. It conduces to the development of undesirable compounds such as organic acids, ketones, and aldehydes, which confer to the food off-flavor such as rancid odor. [31] Moreover, the development of compounds with a possible toxic character reduced the nutritional quality and safety of foods. [32] Based on the consumer's demand of natural antioxidant that are considered safer, researchers address their attention on the possibility to demonstrate the antioxidant potential of some spice extract. According to the American Spice Trade Association, Capsicum is the most widely used spice. For this reason, the antioxidant potential of different Capsicum species is largely investigated. [1, 3, 5, 13, 22, 33] In the current experiment, all dried peppers showed a concentration-antioxidant relationship. Radical scavenging activity was assessed by ABTS and DPPH assay. Pellegrino and Idealino cultivars showed the highest radical scavenging power against ABTS + with IC 50 values of 45.2 and 45.7 μg/mL, respectively (Table 3) , followed by Loco peppers (IC 50 of 54.6 μg/mL). Correlation analysis revealed that, except for capsaicin and dihydrocapsaicin, all investigated compounds positively correlated with ABTS + scavenging activity. Among phytochemicals, carotenoids and phenols exhibited the highest Pearson's coefficient value (r = 0.7 and 0.6, respectively). In DPPH test, the most promising sample resulted Sole cultivar that exhibited an IC 50 value of 63.7 μg/mL, followed by Loco, Idealino, and Duemila with IC 50 values in the range 106.1-111.3 μg/mL ( Table 2 , Fig. 1 ). Analysis of correlation data evidenced that carotenoids are the main responsible of the DPPH · scavenging ability (r = 0.57). In our previous works, fresh C. annuum cultivars were tested for radical scavenging ability. [26] In ABTS assay, generally the IC 50 values of dried peppers 
: One-way ANOVA ***p < 0.0001 followed by a multicomparison Dunnett's test ***p < 0.01, *p < 0.05 compared with ascorbic acid. DPPH radical scavenging activity assay: One-way ANOVA ***p < 0.0001 followed by a multi-comparison Dunnett's test: ***p < 0.01 compared with ascorbic acid. Ferric reducing antioxidant power (FRAP): One-way ANOVA ***p < 0.0001 followed by a multi-comparison Dunnett's test **p < 0.01 compared with positive control. β-carotene bleaching test at 30 min of incubation: One-way ANOVA ***p < 0.0001 followed by a multi-comparison Dunnett's test: ***p <0.01 compared with propyl gallate. β-carotene bleaching test at 60 min of incubation: One-way ANOVA ***p < 0.0001 followed by a multi-comparison Dunnett's test: ***p < 0.01 compared with propyl gallate.
were lower than those reported for fresh samples, except for Fantasia, Loco, and Sole cultivars. On the contrary, fresh samples resulted more active in scavenging the DPPH · except dried Sole pepper (IC 50 of 33.1 versus 63.7 μg/mL, respectively). The high radical scavenging ability of dried samples respect fresh one is in agreement with those reported by Arslan and Özcan [34] that found in DPPH radical scavenging ability a percentage of 48.0 and 76.14% for fresh and dried pepper, respectively. A significant DPPH radical scavenging activity was evidenced also for dried C. annuum cv guajillo extracts (24.2%) followed by cv pasilla and cv ancho peppers (15.6 and 12.3%). The differences in the antioxidant activity can be attributed to the higher β-carotene and β-cryptoxanthin contents of guajillo peppers. [35] A similar result was obtained also by Lutz et al. [28] that evidenced significantly differences in the DPPH radical scavenging ability between fresh and dehydrated samples in both green and red pepper.
In β-carotene bleaching test, at 30 min of incubation the IC 50 values of investigated peppers ranged from 6.3 to 11.6 μg/mL for Fantasia and Yellow cayenne, respectively. Values ranged from 7.9 to 31.7 μg/mL for Loco and Portafortuna pepper, respectively, were recorded at 60 min of incubation. The correlation analysis revealed that phenols positively correlated with β-carotene bleaching test (r = 0.5 and 0.6 at 30 and 60 min incubation, respectively). A positive Pearson's correlation coefficient was found with carotenoids at 60 min incubation (r = 0.7). The comparison of data between fresh and dried samples in β-carotene bleaching test evidenced also a reduction in IC 50 values for all peppers, except for Sole and Portafortuna cultivars after 30 and 60 min of incubation, respectively. Analysis of correlation data evidenced that phenols showed the highest Pearson's coefficient value (r = 0.7 at both times of incubation).
In our previous work we have investigated the antioxidant potential of air-dried C. annuum var. acuminatum medium and big by using different in vitro methods. Medium pepper exhibited the best free radical scavenging activity against DPPH with an IC 50 value of 85.3 μg/mL while big pepper showed the highest scavenging effect against ABTS (IC 50 value of 16.4 μg/mL). [36] Big pepper showed, also, the highest inhibition of linoleic acid oxidation (IC 50 values of 1.2 and 2.9 μg/mL at 30 and 60 min of incubation, respectively). Both values are quite similar to those reported for the positive control propyl gallate (IC 50 value of 1.0 μg/mL at 30 min of incubation).
During Fenton reaction iron is involved into redox processes that generates oxygen free radical. [37] One of the possible approach to limit ROS is to reduce iron. Among investigated samples, Idealino and Loco showed the highest FRAP value with 43.9 and 40.5 μM Fe(II)/g), respectively. A positive Pearson's correlation coefficient of 0.7 and 0.6 was found for capsaicin and dihydrocapsaicin, respectively. Both capsaicin that diidrocapsaicin play antioxidant activity due to the ability to donate hydrogens or reduced metals. [38] Antimicrobial activity All the tested extracts inhibited the growth of three Staphylococcus aureus and three Listeria monocytogenes strains, with MIC lower or equal than 50 mg/mL ( Table 4 ). The most effective extracts were those obtained from cultivars Effix and Fantasia with MIC between 12.5 and 25.0 mg/mL. Other authors investigated the antimicrobial activity of extracts obtained from different Capsicum species. Acero-Ortega et al. [39] established the positive effect of three C. annuum L. varieties on the inhibition of L. monocytogenes, correlating their activity with the presence of high amounts of cinnamic and caffeic acids. Dorantes et al. [40] also confirmed the antimicrobial activity of several cultivars against S. aureus and L. monocytogenes, with the latter as the most sensitive. Recently, dihydrocapsaicin exerted a selective antimicrobial activity, being more active on Gram positive bacteria, in relation to their cell wall composition and structure, mainly composed by peptidoglycan. [41] Our results are in line with those observations, as the most effective extracts, Effix and Fantasia, were not particularly rich in capsaicin and dihydrocapsaicin, as Idealino, nor in phenolic substances, generally responsible of distortion and disruption in the structure, and, therefore, in the functionality of the cytoplasmic membrane. [42] Because of this antimicrobial action against foodborne pathogens, the application of C. annuum extracts has already been proposed in food matrices, such as minced raw beef to control the growth of pathogenic microorganisms. [43] More recently, Gayathri et al. [44] demonstrated the ability of C. chinense acetone and acetonitrile extracts to inhibit the growth of Klebsiella pneumonia and Staphylococcus aureus through agar well diffusion method.
Conclusions
This study reported for the first time the phytochemicals content and the bioactivity of nine C. annuum cultivars namely Yellow cayenne, Portafortuna, Idealino, Sole, Duemila, Pellegrino, Fantasia, Loco, and Effix. Peppers were investigated after sun-drying process. Dehydration has been used widely used as method of food preservation. The comparison of our data with those reported in literature evidenced that the applied process did not negatively affect the phytochemicals content and consequently the bioactivity of peppers. Obtained data support the hypothesis that the synergism between flavonoids and other phenols is responsible for the antioxidant effects while the synergism of capsaicin and dihydrocapsaicin with other minor components, as already proposed by other researchers, is correlate with the antimicrobial activity. Further studies could be done in order to identify phytochemicals responsible of the antioxidant and antimicrobial activities, and to comprehend the possible application in real food matrices.
